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Abstract

A compact high-resolutiom(/AA = 10000) spherically bent crystal spectrometer
in the Johann geometry was recently installed and tested on the Lawrence Livermore
National Laboratory SuperEBIT electron beam ion trap. The curvature of the mica (002)
crystal gratingallows for higher collection efficiency compared to the flat and
cylindrically bent crystal spectrometers commonly used on the Livermore electron beam
ion traps. The spectrometer’s Johann configuration enables orientation of its dispersion
plane to be parallel to the electron beam propagation. Used in concert with a crystal
spectrometer, whose dispersion plane is perpendicular to the electron beam propagation,
the polarization of x-ray emission lines can be measured.
. INTRODUCTION

The EBIT andSuperEBIT electron beam ion traps, originally designed at the
Lawrence Livermore National Laboratory, are unique devices specifically design to study
highly charge ionsl]. It has been successfully used to infer cross sections, line position,
and line intensity ratios for a variety of astrophysically important plasm@ks [Rue to
excitation by directional electrons in the trap, the x-ray line emission of the trapped ions

are generally polarized. Corrections for polarization are needed for accurate

interpretation of spectra taken with instruments sensitive to polarization. It should also



be noted that polarization is a phenomenon that has a potential to be used as a plasma
diagnostic tool to infer the presence of electrons beams in both laboratory and Space born
plasma sources [8}.

A compact, spherically curved crystal spectrometer arranged in the Johann
geometry equipped with a mica (002) crystal and charged couple device (CCD) was
recently installed and tested on one of the Livermore electron beam ion traps. The
curvature of the mica crystal allows for greater collection efficiency compared to the flat
crystal spectrometers (FCS) commonly used for measurements on an electron beam ion
trap [10,11]. This higher collection efficiency is a big advantage given the low x-ray
production rate of EBIT.

In this brief article we describe the instrument and highlight the advantages of
using a compact curved crystal spectrometer in the Johann configuration with the
Livermore electron beam ion trap. Very importantly, this instrument reduces the
complexity of measuring the polarization of x-ray line emission. We illustrate this
capability by showing a polarization measurement oht#lieimlike sulfur resonance line
1s2p'P, — 15'S,. Moreover, this new instrument can record a full K-shell spectrum in
a single setting with high resolution. By contrast, a spherically bent crystal spectrometer
had been used earlier on EBII2]. This instrument required two settings to record the

K-shell spectrum of a heliumlike ion, and therefore has not been used since.



. EXPERIMENTAL SETUP

Figure 1(a) illustrates the geometry of the compact spherical crystal spectrometer
arranged in the conventional Johann configurati®).[ The x-ray sourc&uperEBIT, is
located outside of the Rowland Circle while the mica crystal grating and CCD are placed

on the circle. Th8ragg angle of an incident x-ray photon is given by,

p=sn"Z18 O,

where 2d denotes the lattice spacing (the mica crystal has a 2d-lattice spacing of 19.942
A), n represents the order of diffraction, anthe wavelength. The distances a and b
labeled in Fig 1(a) are the distance betweerStngerEBIT source and the crystal and the
distance between the crystal and the x-ray image, respectively. In order to obtain optimal

spatial resolution the distances a and b must be equal to the followirig} 13,

_ REog90°-¢,]
a= CO%Z[@QOO—¢O)J (2);

b= Rog90° - ¢, 3).
In equations (2) and (3), R is the radius of curvature of the spherical crystabyhile
denotes the incident angle of incoming x-ray photon.

We employ a radius if curvature of 10 cm. As a result, the spherical crystal

spectrometer has a compact size of 2a@0x 100 mm. It has a wide spectral range of



1.2 — 19.6 A which can be obtain at one crystal setting by making use of the many
different orders of reflection of mica, most of which have high reflectii}.[ The
spectrometer has a resolving power of ~ 10000 with a spatial resolution of ~ 40n; 80
which is enough to resolve lines in typical heliumlike iong’ tansitions. In order to

make use of the narrow line focus of the compact spectrometer it is necessary to use a
detector with a spatial resolution less than the focal width. In this case, we usedxa 1024
1024 pixel x-ray CCD camera operatimgvacuo. Each pixel has a dimension of |24

x 24um. The CCD isvater cooled and reaches — 40 °C with the helpRxélaer cooler

[16].

Figure 1(b) shows a diagram of the spherical crystal spectrometer connected with
the Livermore SuperEBIT apparatus. Also shown in Fig 1(b), is a flat crystal
spectrometer that records complementary data. The FCS employs a dispersion plane
perpendicular to the electron beam propagation while the compact spherical crystal
spectrometer dispersion is in the direction of the electron beam propagation (see Fig 1(b)
for illustration). These two orientations are ideal for polarization measurements using the

“two-crystal technique” [17].



1. MEASUREMENT AND ANALYSIS

Shown in Fig 2 are two spectra of the heliumlik& Ba transitions taken atn
electron beam energy of 3 keV. The top spectrum was recorded by the compact spherical
crystal spectrometer, while the bottom spectrum was recorded by the FCS describe in the
previous section. For the spherical spectrometer, thedisitions where observed in
third order (n =3) at 8ragg angle 06; = 49.6. The FCS was equipped with a
pentaerythritol crystal with a 2d-lattice spacing of 8.742A, resultingBragg angle of
8; = 35.2 for the Ka transitions irheliumlike sulfur. The intensities observed by the
crystal spectrometers can be expressed as,

I =Rl +Rl; (),

where R, and R represent the integrated crystal reflectivities for x-ray emission
polarized parallel and perpendicular to the plane of dispersion, respectiyelyd | ,
denote the intensity of the emitted radiation with an electric field vector parallel and
perpendicular to the electron beam direction, respectively. The polarization of emission
lines observed at an angled®dt 9C° from the electron beam are defined as,

p:hj__lm (5).

I+ 15
The two crystal spectrometers act as polarimeters. The FCS is oriented in a geometry
that preferably reflects, more efficiently thanl,. The spherical crystal spectrometer

absorbs most of, while reflectingl ..



After fitting the two spectra shown in Fig 2, the polarization ofrés®nance line,

1s2p'P, - 1£'S,, is measured a®, = +0.55'3:> which compares very well with the
predictions of distorted-waveR ™”-"" = +0,61.
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FIGURE CAPTIONS

FIG. 1. (@ Geometry of the Compadbhann Spherical Crystal Spectrometer. (b)
Electron beam ion trap x-ray polarization measurement set-up (modified “two-crystal
technique”). FCS preferentially reflecks while the spherically bent crystal
spectrometer reflects,. The CCD detector for the spherically bent crystal spectrometer
is located below the crystal housing and is not shown.

FIG. 2. Spectra obtained with (a) the compact spherically bent crystal spectrometer (b)
and the flat crystal spectrometer. The electron beam energy ~ 3.0 keV.
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